Background-Although it is well known that impaired pulmonary function is a strong predictor of mortality and that smoking decreases pulmonary function, little is known about the long term eVect of smoking cessation on mortality at diVerent levels of pulmonary function. We have studied the impact of smoking cessation on mortality over the entire range of baseline pulmonary function. Methods-The study subjects consisted of men aged 40-59 at entry who were the Finnish participants in the Seven Countries Study during 1959-89. Results-In all the participants (n = 1582) impaired forced expiratory volume in 0.75 seconds (FEV 0.75 ) was significantly associated with increased all cause mortality. When those who gave up smoking during the follow up period were compared with continuous smokers (n = 860) all cause mortality was found to be decreased among those who quit. The relative adjusted hazard (HR) was 0.71 (95% confidence interval 0.50 to 1.00). The median survival time in those who stopped smoking compared with those who continued to smoke from 1969 onwards was 7.65, 7.59, and 6.30 years longer in the lowest, middle and highest tertiles of adjusted FEV 0.75 distribution, respectively. In those who gave up smoking, mortality from cardiovascular causes was significantly lower (HR 0.60 (95% CI 0.37 to 0.98)). Conclusions-These findings suggest that smokers across the entire range of pulmonary function may increase their expectation of lifespan by giving up smoking. (Thorax 2000;55:746-750) Keywords: respiratory function; mortality; smoking cessation Several population based longitudinal studies have shown impaired pulmonary function to be a strong predictor of increased mortality in both sexes. [1] [2] [3] [4] [5] [6] [7] [8] [9] On the other hand, in many studies smoking has been found to be the major environmental factor in decreasing pulmonary function. [10] [11] [12] Giving up smoking has not necessarily resulted in recovery of the level of pulmonary function but there may be slower rates of decline in pulmonary function. However, little is known of the eVect of smoking cessation on survival prospects over the entire range of initial pulmonary function. We have therefore assessed first the association of pulmonary function (forced expiratory volume in 0.75 second (FEV 0.75 )) with all cause mortality in a 30 year follow up of two general population cohorts of Finnish men. The benefit of smoking cessation on survival prospects over the entire range of baseline pulmonary function was then examined in those who gave up smoking during the study compared with those who continued to smoke. The cause specific mortality between those who gave up smoking and those who continued to smoke was also studied.
Several population based longitudinal studies have shown impaired pulmonary function to be a strong predictor of increased mortality in both sexes. [1] [2] [3] [4] [5] [6] [7] [8] [9] On the other hand, in many studies smoking has been found to be the major environmental factor in decreasing pulmonary function. [10] [11] [12] Giving up smoking has not necessarily resulted in recovery of the level of pulmonary function but there may be slower rates of decline in pulmonary function. 7 10-13 However, little is known of the eVect of smoking cessation on survival prospects over the entire range of initial pulmonary function. We have therefore assessed first the association of pulmonary function (forced expiratory volume in 0.75 second (FEV 0.75 )) with all cause mortality in a 30 year follow up of two general population cohorts of Finnish men. The benefit of smoking cessation on survival prospects over the entire range of baseline pulmonary function was then examined in those who gave up smoking during the study compared with those who continued to smoke. The cause specific mortality between those who gave up smoking and those who continued to smoke was also studied.
Methods

SUBJECTS
The original Finnish cohorts in the Seven Countries Study started in 1959 consisted of all men aged 40-59 years from two geographically defined rural areas, Ilomantsi (n = 823) in the east and Pöytyä and Mellilä (n = 888) in south-western Finland. 14 Altogether 1675 (97.5%) men were examined in 1959 according to the protocol of the Seven Countries Study. 15 Re-examinations were performed in 1964, 1969, 1974, 1984, and 1989 . In this study, when analysing the association between impaired pulmonary function and all cause mortality only those men (n = 1582) who had the complete baseline data needed for multivariate analysis were included. The influence of smoking cessation on mortality was studied by comparing those baseline smokers who quit smoking permanently during the course of the study with those who continued to smoke (n = 860 at baseline).
The measurements of weight, height, blood pressure, and total cholesterol have been described elsewhere. 15 Body mass index (BMI) was calculated as weight (kg) divided by height (m 2 ). Smoking habits were recorded at the baseline and in subsequent re-examinations by a trained nurse according to a standard questionnaire developed for the Seven Countries Study. 15 The questions concerned current and former smoking and the amount of smoking, which was asked by a five category question. For this study baseline smoking habits were classified into three categories: never smokers, past smokers in 1959 (had stopped smoking more than a year previously), and current smokers of cigarettes. At each examination those baseline smokers who had given up smoking up to that point were classified as quitters. Cox's proportional hazards regression model was used to analyse the relation between the tertile of FEV 0.75 (% predicted) and all cause mortality. 18 The analysis was adjusted for potential confounders-namely, age, BMI, diastolic blood pressure, and total cholesterol added into the model as continuous variables and smoking habits classified into three categories (never smokers, past smokers, and current smokers).
The influence of smoking cessation on mortality was studied by a time dependent covariate describing the smoking status at each examination point from 1959 onwards. This covariate contained values which changed during the course of the study-that is, when men gave up smoking they shifted from continuous smokers to quitters. This analysis was adjusted for age, baseline FEV 0.75 (% predicted), BMI, diastolic blood pressure, and total cholesterol as continuous variables and the baseline amount of smoking as a dichotomous variable (<20 and >20 cigarettes/day). Mortality from cardiovascular disease (including heart disease, cerebral arterial and other arterial disease), cancer, respiratory diseases (including COPD, pneumonia, and other respiratory causes), and other causes were examined with a similar time dependent Cox's analysis. To examine whether the eVect of smoking cessation was the same at all levels of pulmonary function, all time dependent Cox's analyses were repeated with an interaction term of smoking cessation and pulmonary function as an additional predictor. From these models only significant interactions are presented.
We illustrate the eVects of smoking cessation on survival time in the long term at the diVerent levels of FEV 0.75 (% predicted) with three figures based on Cox's regression models in which those baseline smokers who gave up smoking during 1959-69 are compared with those baseline smokers who continued to smoke. In these figures the year 1969 was chosen as the cut oV point of quitting to ensure both a reasonable number of quitters and a reasonable length of follow up to estimate the eVect of giving up smoking on survival time.
Results
The men in the lowest tertile of FEV 0.75 (% predicted) had a significantly increased risk of dying during the follow up period (table 1) . The adjusted relative hazard (HR) was 1.56 (95% confidence interval (CI) 1.35 to 1.81), p<0.001).
Among those men who smoked at the baseline, the eVect of smoking cessation was studied by Cox's proportional hazards regression with smoking cessation as a time dependent covariate (table 2). The adjusted HR for all cause mortality was 0.71 (95% CI 0.50 to 1.00, p<0.05) among those who stopped smoking. Analysis of cause specific mortality revealed that those who gave up smoking had significantly decreased mortality from cardiovascular disease (HR 0.60; 95% CI 0.37 to 0.98). In addition, a positive interaction eVect of borderline significance (p = 0.066) was found between pulmonary function and smoking cessation on mortality from cardiovascular disease. In other words, the beneficial eVect of smoking cessation on mortality from cardiovascular disease tended to be greater in study subjects with impaired pulmonary function. Among those who stopped smoking, mortality from many other causes except from respiratory diseases was also smaller but these results were not significant. In addition, a borderline negative interaction eVect (p = 0.070) was found between pulmonary function and smoking cessation on mortality from lung cancer. Thus the beneficial eVect of smoking cessation on mortality from lung cancer was smaller in men with impaired pulmonary function than in those with higher levels of pulmonary function. The eVect of smoking cessation on survival time at diVerent levels of the entire range of FEV 0.75 (% predicted) is illustrated in fig 1. Median survival time is estimated by comparing mortality from all causes during 1969-89 in those who quit smoking during 1959-69 with mortality in those who continued to smoke. In all tertiles of FEV 0.75 (% predicted) those who gave up smoking had lower mortality and the median survival time, based on the Cox's proportional hazards regression model, was 7.65, 7.59, and 6.30 years longer, respectively, in the lowest, middle, and highest tertiles than for those who continued to smoke. When only those who quit smoking are selected, the survival curves in the lowest and middle tertiles of FEV 0.75 (% predicted) do not diverge significantly from the survival curve in the highest tertile of FEV 0.75 (HR 0.88 (95% CI 0.51 to 1.49) and 1.04 (95% CI 0.61 to1.76), respectively).
Discussion
This study has confirmed that impaired pulmonary function predicts increased long term mortality among middle aged men and provides evidence that giving up smoking has a beneficial eVect on survival prospects over the entire range of pulmonary function. Our study population was a representative sample from the general male population in the two selected rural areas because the participation rate was very good both at the baseline (97.5% in 1959) and in subsequent re-examinations (90-97.7%). The mortality data were also complete since all deaths between 1959 and 1989 were known. FEV 0.75 was used as a measurement of obstruction and can be considered to measure approximately the same as FEV 1 since FEV 0.75 only needs to be multiplied by 1.09 to estimate the FEV 1 . 19 The hazards ratio for all cause mortality in the lowest tertile of age and height adjusted FEV 0.75 distribution was 1.56 during 1959-89. This is consistent with the prospective population study in Renfrew and Paisley in which the hazard ratios for all cause mortality among men aged 45-64 years at baseline were 1.92 *From Cox's proportional, time dependent hazards regression model adjusted for age, baseline pulmonary function, baseline amount of smoking, body mass index, diastolic blood pressure, and total cholesterol. Continuous smokers as a reference group. †Number of deaths among those who quit and continuous smokers from COPD =12 and 10, from pneumonia = 7 and 11, and from other causes = 3 and 3, respectively. Years from 1969 15 20 Cumulative survival probability Years from 1969 15 20 Cumulative survival probability Years from 1969 15 20 Cumulative survival probability
C Smoking category
Quit 1959-69 Continuous smokers and 1.51 in the first and second fifths of the adjusted FEV 1 distribution, respectively. 6 Hazard ratios have been in the same direction in many other studies. 4 Smoking is a well known risk factor for all cause mortality and for deaths from coronary heart disease. 20 21 Earlier studies have also shown that both total mortality and coronary heart disease mortality among former smokers have decreased after smoking cessation. 22 23 It has been suggested that the eVect of smoking on coronary heart disease is probably mediated through the role of smoking in the formation of atherosclerotic lesions 24 and in the development of thrombosis. 25 In this study those who gave up smoking had lower all cause mortality over the entire range of adjusted FEV 0.75 distribution at the baseline, and the survival curves for these subjects in the three tertiles of FEV 0.75 (% predicted) were similar. The cause specific mortality analysis showed that those who stopped smoking had significantly decreased mortality from cardiovascular disease (consisting mainly of coronary deaths). In addition, a borderline significant interaction was found between pulmonary function and smoking cessation on mortality from cardiovascular disease. Those study subjects with impaired baseline pulmonary function therefore benefited especially from smoking cessation. This result is in agreement with the fact that impaired pulmonary function is significantly related to death from cardiovascular disease. 4 6 26 To explain the association between impairment of pulmonary function and increased mortality from cardiovascular disease, Tockman and Comstock have reported that airway obstruction caused by repeated inflammatory injury during ageing may lead to mild chronic hypoxia. 1 This, in conjunction with reductions in cardiac output, may result in increased cardiovascular mortality. The type of inflammatory insult was not important. However, besides long term irreversible changes, a reversible inflammatory lesion has been described in smokers so that giving up smoking causes slight bronchodilation. 11 12 27 28 Our results concerning the beneficial eVect of smoking cessation on mortality from cardiovascular disease are perhaps mainly explained by the atherosclerotic and thrombotic mechanisms. Among those who gave up smoking with a baseline FEV 0.75 (% predicted) in the lowest tertile of pulmonary function, the additional beneficial eVect could have been achieved by a decrease in the rate of decline in pulmonary function. Perhaps these men in the lowest tertile of baseline FEV 0.75 were more susceptible to inflammation caused by smoking and thus benefited especially from the bronchodilatation on quitting. The idea of susceptible smokers has already been put forward by Fletcher et al when they noticed that smoking in susceptible subjects was associated with a steeper decline in pulmonary function. 13 Our data set was too small for confident results on mortality from causes other than cardiovascular diseases. However, the results were consistent with earlier findings in these rarer causes of death. For example, those who stopped smoking had lower mortality from lung cancer as well as from other cancers. 20 29 30 Mortality from respiratory diseases was higher among those who gave up smoking, mainly because these individuals gave up smoking too late and thus died from severe COPD.
In conclusion, our study provides evidence that smoking cessation can improve the survival prospects of middle aged smokers over the entire range of pulmonary function. However, since our data came from an observational study, some caution is required in causal inferences based on the results. As in any observational study, it is possible that some confounding factors may, at least partly, explain the findings. For example, it is possible that those men who gave up smoking adopted a generally more healthy lifestyle, and thus changes other than smoking cessation might have contributed to the increase in their life expectancy.
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